In polarized cells, the multidrug resistance protein MRP2 is localized in the apical plasma membrane, whereas MRP1, another MRP family member, is localized in the basolateral membrane. MRP1 and MRP2 are thought to contain an N-terminal region of five transmembrane segments (TMD 0 ) coupled to two times six transmembrane segments via 
Summary
In polarized cells, the multidrug resistance protein MRP2 is localized in the apical plasma membrane, whereas MRP1, another MRP family member, is localized in the basolateral membrane. MRP1 and MRP2 are thought to contain an N-terminal region of five transmembrane segments (TMD 0 ) coupled to two times six transmembrane segments via an intracellular loop (L 0 ). We previously demonstrated for MRP1 that a mutant lacking and MRP2 transport in addition acidic compounds with a large hydrophobic moiety such as drugs conjugated with glutathione, glucuronide or sulfate (5-7). MRP1 and MRP2 mediated transport of cytotoxic drugs not known to be conjugated to negatively charged ligands is most likely due to co-transport with reduced glutathione (8) (9) (10) (11) (12) . Besides (24, 27) . Interestingly, extending the core region with the intracellular loop L 0 alone also resulted in transport activity, indicating that the TMD 0 region is dispensable for the function of MRP1 (27) . In a recent report, we demonstrated that co-expression of the L 0 peptide with ∆MRP1 in insect cells resulted in an active transporter, suggesting that L 0 forms a distinct domain within MRP1 that specifically interacts with the core region (28) .
In polarized monolayers of Madin-Darby canine kidney (MDCKII) cells MDR1
Pgp and MRP2 are localized in the apical membrane, whereas MRP1 is found in the lateral membrane (29, 30, 27, 31) . Interestingly, the MRP1 molecule containing L 0 but lacking the TMD 0 segment (L 0 -MRP1) which showed activity in insect cells was also active in MDCKII cells and routed to the lateral plasma membrane (27) .
To examine whether the TMD 0 segment is dispensable for the routing of MRP2 to the apical membrane, we have constructed similar mutants as described above for MRP1. Our results show that the TMD 0 region of MRP2 is required for apical routing in 
Generation of MRP2 variants and their expression in MDCKII cells
All MRP2 (ABCC2) mutants used in this study (see Figure 1 ) were generated by PCR using the human MRP2 sequence as the template (32, 2 GenBank). Netherlands; see also Bakos et al., (28) ). Retroviral transductions of MDCKII cells were performed as described previously (30) . After selection of transduced cells with either G418 (800 µg/ml) or puromycin (2 µg/ml), single clones were isolated. Detection of the various mutant MRP2 molecules was performed by Western blotting. Proteins were detected using the appropriate monoclonal antibodies (mAbs) (see Figure 2A) .
Expression of MRP2 and L 0 -MRP2 in Insect cells and vesicle uptake experiments
L 0 -MRP2 cDNAs was removed from the pCMV-L 0 -MRP2 construct and subcloned into the pAcUW21 plasmid (InVitrogen, San Diego, CA). PAcUW21-MRP2 was described before (28) . Recombinant baculovirus was prepared and cultured as described by Bakos et al., (27) by using the BaculoGold Transfection Kit (Pharmingen, San Diego, CA). [ 3 H]LTC 4 uptake experiments were performed as described before (27) .
Immunocytochemistry
Cells were grown on microporous polycarbonate membrane filters (3µm pore size, 24 mm diameter, Transwell TM 3414; Corning Costar Corp., Cambridge, MA) at a density of 5 x 10 5 cells per well as described previously (30) . Antibody incubations were as described before (30) . Cells were examined with a Leica TCS SP confocal laser scanning 
Results

Generation of MDCKII cells expressing MRP2 constructs
To investigate the role of the TMD 0 L 0 segment in the routing and function of MRP2, the following mutants were generated ( Remarkably, whereas -MRP2 produced alone was hardly detectable, co-production with TMD 0 L 0 resulted in a strong increase in the amount of -MRP2 ( 
Immunolocalization of MRP2 mutants in MDCKII monolayers
The subcellular localization of the various MRP2 mutants was determined by indirect immunofluorescence using confocal laser scanning microscopy. The proteins were Figure 5D ).
As we previously found that L 0 ∆MRP1 was properly routed to the lateral membrane, we investigated whether L 0 ∆MRP2 similarly routed to the apical membrane.
The results shown in Figure detected between MRP2 and the ECFP-Golgi protein, whereas some overlap was found between MRP2 and the ECFP-Endo protein ( Fig. 7A and B, right panels). Like MRP2, Lo∆MRP2 was not co-localizing with the ECFP-Golgi marker (Fig. 7C ), but overlap was found in the merge with the pECFP-Endo marker (Fig. 7D) , suggesting that at least 
Transport of [ 3 H]vinblastine and [ 14 C]dinitrophenyl glutathione by MDCKII derived monolayers
To verify whether the co-produced proteins detected in the apical membrane were properly folded, we tested their biological activity. We have shown that wild-type MRP2 is able to transport the Vinca alkaloid (38) . As shown before, apical DNP-GS transport by MDCKII-MRP2 monolayers was 3.2-fold higher than in the wild type cells (Table 1 ). In MDCKII-L 0 ∆MRP2 monolayers, the apical transport activity was 1.8-fold lower than in wild-type cells. This might be due to a down regulation of the endogenous canine MRP2
that is present in these cells (11) . Basolateral transport of DNP-GS was somewhat 
Uptake of LTC 4 in membrane vesicles containing L 0 -MRP2
The experiments shown above indicate that L 0 -MRP2 did not transport drugs into the and L 0 -MRP2 in baculovirus infected insect (Sf9) cells. Fig. 9A shows that we obtained similar levels of MRP2 and L 0 -MRP2 in membrane vesicles prepared from these cells.
To examine the functionality of L 0 -MRP2, ATP-dependent uptake of LTC 4 was determined in isolated membrane vesicles. The apparent transport rate of L 0 ∆MRP2 for LTC 4 (240 nm) was approximately 50% of the transport of wild-type MRP2 (Fig. 9B ).
These transport rates were corrected for the differences in protein levels and for the This strongly suggests that the co-produced MRP2 fragments are properly folded and that routing is most likely determined by the same signals that are functional in wild-type MRP2. Our data suggest that the complete TMD 0 L 0 region of MRP2 is required for routing although it is also possible that TMD 0 L 0 is required to remain stably localized in the apical membrane. These findings are in contrast to our previous experiments with MRP1 mutants, which showed that the TMD 0 region of MRP1 is not required for routing to the lateral membrane (27, 28) .
In cells producing ∆MRP2 and TMD 0 L 0 only a fraction of the latter protein was detectable in the apical membrane whereas all ∆MRP2 was in the apical membrane. We The relevant protein bands are marked with arrows. Protein-antibody interactions were detected using the enhanced chemiluminescence technique. 
